Aims-To address some of the issues in the ongoing debate over the optimal diagnostic imaging following childhood urinary tract infection (UTI), by determining the risk of missing renal cortical scarring which would be detected on a technetium99m dimercaptosuccinic acid (DMSA) gold standard if ultrasound alone were used, factoring for clinical features (upper or lower tract), UTI recurrence, and age group (infants, preschool, or school age). 
Urinary tract infection (UTI) is one of the most common bacterial diseases of childhood, with a reported prevalence in one study of 8.4% in girls and 1.7% in boys by the age of 7 years. 1 Diagnostic imaging of the urinary tract in children with a history of UTI has been accepted practice since the 1960s, and seminal studies from this decade 2 showed a high incidence of abnormalities, particularly chronic pyelonephritis and vesicoureteric reflux, showing that the condition was far from benign. In a more recent study, renal parenchymal scarring was found in 12% 3 and vesicoureteric reflux in 17% 4 of kidneys in a large cohort of such children.
Most children with UTI have an excellent prognosis but there is an appreciable risk of long term complications in those with obstructive malformations and dilated vesicoureteric reflux, particularly if there has been a delay in diagnosis and/or inadequate treatment. A long term prospective study has shown a 10% risk of end stage renal failure and a 23% risk of hypertension in a group of 30 patients with renal scarring diagnosed 27 years earlier. 5 Studies in adult women have shown an association between childhood renal scarring and pregnancies complicated by bacteriuria, acute pyelonephritis, hypertension, pre-eclampsia, and interventional deliveries. [5] [6] [7] Imaging protocols in children with UTI continue to be a subject of debate. 8 Table 1 shows the current practice guidelines published by the British Paediatric Association (BPA). 9 The advantages of ultrasound include the lack of ionising radiation, general availability, and patient acceptability. These must be balanced against the disadvantages of operator dependence and lack of functional information provided. A recent paper detailing a systematic approach to ultrasound specifically for the detection of renal scarring shows promise as a means to improve ultrasound sensitivity. 10 In the context of UTI, ultrasound is generally the first line investigation which allows identification of structural abnormalities, both congenital and acquired. The sensitivity of ultrasound in detecting renal cortical scarring however, is not high and renal scintigraphy by technetium99m dimercaptosuccinic acid (DMSA) scanning is now generally accepted as the most sensitive form of renal parenchymal imaging.
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As renal scintigraphy is an invasive means of renal imaging, there is a need to selectively screen which children should undergo this investigation. Taking the lead from a research suggestion in a recent report of a working group that formulated guidelines for the management of acute UTI in childhood, 8 the aim of the study was to determine in a large cohort of children, the risk of missing renal cortical scarring detected by a DMSA gold standard if ultrasound alone were used, and to factor this risk for clinical features, UTI recurrence, and age group corresponding to the BPA practice guidelines (infants, preschool, or school age). 
Subjects and methods
A database was constructed of all children referred to the renal outpatient clinic at the Royal Hospital for Sick Children, Yorkhill, Glasgow, and those children admitted to the same hospital who were under, or referred to the renal service as inpatients, between 1990 and 1996 inclusive. Only children with bacteriologically proven UTI were included, as evidenced by the bacterial culture report or documentation in the referral letter that the infection had been confirmed (on a clean catch or suprapubic bladder aspirate in infants or a mid stream specimen in older children). Children who were known to have a preexistent urinary tract abnormality or who had undergone previous renal imaging (rereferrals) were excluded. Only children who underwent both ultrasound and DMSA were included. To make a valid comparison between the two modalities, all records where the imaging took place more than 90 days apart were excluded. To exclude those children with possible transient DMSA changes, all children whose DMSA was carried out within 30 days of the original consultation were also excluded.
For each child basic demographic details were included as well as the date of first consultation, the date and results of DMSA and ultrasound imaging for each kidney, whether the UTI was single or recurrent, and the clinical features at presentation. These included one or more of the following: fever, vomiting, lethargy, general systemic upset, loin pain, non-specific abdominal pain, frequency, dysuria, incontinence, frank haematuria, or urgency. Any child in whom the symptoms recorded in the case record or referral letter were incomplete or absent, was excluded. The clinical features were used to classify the UTI into upper tract or lower tract. Any child with one or more of the first five symptoms listed was said to have had an upper tract UTI.
The ultrasound examinations were carried out with an Acuson 128 XP10 system (Mountain View, California) with a 5 MHz probe. Renal images were obtained in the supine and prone positions and the bladder was assessed. Scanning was performed or supervised by an experienced consultant paediatric radiologist. Abnormal reports were classified for each kidney as: scarring; pelvic-ureteric dilatation; hydronephrosis; large, small, or no kidney; duplex kidney; renal swelling; increased or decreased echogenicity; prominence of the pyramids; loss of corticomedullary diVerentiation; or renal cyst(s). Tc DMSA scanning was carried out two hours after intravenous administration of a weight related dose of isotope up to a maximum of 80 MBq 99m Tc DMSA. Images were obtained using a high resolution collimator, with the child in the posterior, right posterior oblique, and left posterior oblique position. Analogue images were used for reporting which was carried out by an experienced consultant paediatric radiologist. The abnormal imaging was specified as: scarring; focal or generalised photon deficient areas; large, small, or no kidney; possible duplex kidney; or abnormal diVerential function. Cortical scarring was defined as a defect in the normal reniform outline. A photon deficient area was defined as a focal or diVuse area of reduced uptake of the radionuclide with preservation of the normal reniform outline. Normal diVerential function was defined as a disparity no greater than 45%:55%. 12 Where there was abnormal diVerential function, only the kidney with the low diVerential function was recorded as abnormal if there were no other abnormalities.
The children were divided into age groups according to their age at the time of ultrasound examination. The age groups chosen corresponded to those in the BPA guidelines: infants, preschool (1-4 years inclusive), and school age (5 years and above). These age groups were further subdivided into those with upper or lower tract UTI and those with recurrent or solitary UTI.
Comparing DMSA and ultrasound results for each kidney, the risk of missing abnormalities and/or cortical scarring was calculated as the percentage of kidneys with normal ultrasound in which abnormalities and/or scarring were detected when using DMSA as a gold standard. The results obtained were factored for age group, clinical features, and recurrence. Similarly the sensitivity of ultrasound was calculated as the percentage of kidneys with DMSA abnormalities and/or scarring that were correctly identified as abnormal and/or scarred on ultrasound.
Results are reported as percentages, with approximate 95% confidence intervals, derived using a normal approximation, in parentheses. Significance was calculated using standard errors of proportions. Tests of association between categorical variables were carried out using a 2 test.
Results
The database comprised 990 children of whom 250 (25%) were boys and 740 (75%) girls. A total of 404 children had upper tract UTI and 586 lower tract UTI. DMSA and DMSA scarring in those who had recurrent UTI (p < 0.001; 2 test). There were no significant diVerences in the percentage of children with abnormal DMSA or DMSA scarring between diVerent age groups.
Of 204 kidneys where there was one or more DMSA abnormalities, the ultrasound was reported as normal in 127 (62%). Table 4 shows the DMSA abnormalities detected, along with details of the corresponding ultrasound findings.
The sensitivity of ultrasound for the detection of any DMSA abnormality was 37.7% (34.7-40.8%) overall, and varied from 16.0% in preschool children with solitary lower tract UTI to 58.6% in school age children with recurrent lower tract UTI. The sensitivity of ultrasound for the detection of renal cortical scarring was 21.7% (19.2-24.3%) overall, and varied from 7.7% in preschool children with solitary upper tract UTI to 33.3% in school age children with recurrent lower tract UTI. For both the detection of scarring and any DMSA abnormality, ultrasound was significantly (p < 0.05) less sensitive in preschool age children than in school age children, but the decreased sensitivity in infants compared to preschool age children did not reach statistical significance.
For all children in the study, the risk of missing DMSA abnormalities if ultrasound was the sole imaging procedure would have been 6.9% (5.8-8.0%) and the risk of missing cortical scarring would have been 2.8% (2.1-3.6%). However, factoring for the three variables of age group, clinical features, and recurrence, the risks of missing DMSA abnormalities would have varied between 2.2% and 22.0% (table 5) , and the risks of missing cortical scarring would have varied between 0.4% and 11.1% (table 6) .
The characteristics of the kidneys where there was scarring on DMSA but a normal ultrasound (S/N) were compared with those where there was scarring on DMSA and an abnormal ultrasound (S/A) by considering the other abnormalities found on DMSA. Of 52 S/N kidneys, 25 had other DMSA abnormalities. Of 40 S/A kidneys, 33 had other abnormalities (p = 0.007; 2 test). If abnormal diVerential function was considered alone, as this may be considered a marker of objective renal damage, 14 S/N kidneys had abnormal diVerential function, in contrast to 20 S/A kidneys (p = 0.023; 2 test). Similarly the characteristics of kidneys where there were DMSA abnormalities but a normal ultrasound (A/N) were compared with those where there were DMSA abnormalities and an abnormal ultrasound (A/A) by considering the respective proportions where there was abnormal diVerential function on DMSA. Of 127 A/N kidneys, 46 had abnormal diVerential function, whereas of 77 A/A kidneys, 43 had abnormal diVerential function (p = 0.006; 2 test).
Discussion
Ultrasound and DMSA imaging are the main diagnostic imaging investigations for childhood UTI in the UK. Despite the accepted low sensitivity of ultrasound for the detection of renal cortical scarring, surprisingly little data exists to quantify this. In infancy, when symptoms of UTI are non-specific and there is a greater risk of renal cortical scarring, 13 there is little disagreement that imaging protocols should include ultrasound in the acute phase followed by static renal scintigraphy and micturating cystourethrography some weeks later, or earlier if there is a suspicion of obstructive uropathy. For children aged 1-5 years there is greater controversy, with current guidelines 9 reflecting diVering professional opinion on the need for DMSA imaging in this age group. 14 We chose not to include data on cystography, as in practice this is a second line investigation outwith the infant age group. We have instead concentrated on the presence of renal parenchymal abnormalities, specifically cortical scarring, which is the end point that has been shown to be associated with an increased risk of hypertension and chronic renal insuYciency in later life. 5 The BPA practice guidelines 9 draw heavily from the data of Rickwood et al, who compared the ultrasound and intravenous urography findings in 200 children with UTI, and suggested that ultrasound alone was suYcient in children over the age of 2. 14 However, their confidence in ultrasound is not universally shared, 12 15 and their results are somewhat diYcult to compare alongside the BPA guidelines as the children were grouped for analysis into 0-2 and 2-10 years of age. Other authors who have addressed the quantification of ultrasound sensitivity have been similarly beset by problems of small numbers, 16 but our database of almost 1000 children has enabled us to have greater confidence in the reliability of our results, particularly when comparing children within diVerent age groups.
Like Rickwood and colleagues, 14 we found the prevalence of abnormalities to be high. We similarly found the sensitivity of ultrasound in detecting DMSA abnormalities or renal cortical scars to be low in all age groups, although there is an increase with age, significantly so (p < 0.05) between preschool and school aged children. Although sensitivity and specificity give information about the screening test, these figures do not take into account the prevalence of the condition. We have used information about ultrasound sensitivity and the prevalence of scarring to calculate the risk of missing scarring (the percentage of kidneys with normal ultrasound that have scarring detected on DMSA). We felt this provided a figure that would be clearly understood and applicable by both clinicians and health care economists. We also included calculations of risk for all DMSA abnormalities as well as DMSA cortical scarring, as there is no universal definition of renal cortical scarring 11 and many of the additional abnormalities detected solely on DMSA imaging, such as focal photon deficiency or abnormal diVerential function, may be regarded as prescarring lesions. 17 These results therefore represent an evaluation of the guidelines by substantiating clinical opinion with risk assessment data.
The risks have been calculated for individual kidneys but for practical purposes they may readily be translated to patient risks as the percentages of children with bilateral DMSA abnormalities and/or scarring were very small.
In order to make a valid comparison between the findings of the two imaging modalities, we set a time limit of 90 days diVerence between the date of the two procedures. In fact 768 of 990 (78%) were carried out on the same day. It is known that changes seen on DMSA scans carried out soon after the UTI can be transitory. 11 12 Although the relevance of these changes remains unclear, in order to eliminate this variable, we excluded all patients who had a DMSA scan carried out within 30 days of the original clinical consultation date, as we felt this was a more objective date than an estimate of the date of the original UTI. Another reason for dating DMSA scans from the initial consultation rather than the date of the UTI was the fact that many children had had recurrent UTI by the time of the initial consultation. It was assumed that these children were more likely to have the UTI controlled, perhaps by prophylactic antibiotics after a first outpatient consultation, and therefore the time between first consultation and DMSA scanning represented the first infection free period.
Although any record in which the UTI clinical features were not clear was excluded from the database prior to analysis, it is possible that some patients were classified as having lower tract UTI who in fact had upper tract features. Similarly it is possible that a number of solitary UTIs were in fact recurrences. We recognise these as weaknesses of the retrospective design of the study but would suggest that such design limitations tend to minimise the ultrasound sensitivities and maximise the risks of missing scarring.
We compared the characteristics of the kidneys where DMSA abnormalities or scarring were detected by ultrasound and where it was missed. We found that where there was abnormal diVerential function, the ultrasound abnormality detection rate was significantly higher. This unsurprising result means that kidneys with more significant renal pathology at the time of scanning are detected more readily by ultrasound. However, there remains a substantial proportion of kidneys with abnormal diVerential function that are missed and we would also argue that as there is 17-fold increase in the relative risk of progressive renal damage associated with scarring and subsequent documented infection, 3 a scarred kidney represents a vulnerable kidney which merits close surveillance.
The BPA practice guidelines are generally endorsed by these risk assessments. Specifically we would advocate a universal DMSA imaging policy in all infants and all children with upper tract UTI, and we would suggest that in school age children with solitary lower tract UTI, the risk of missing scarring or DMSA abnormalities is acceptably low. In the preschool child with a solitary lower tract UTI there is a 1.2% risk of missing scarring (table 6) but a 4.9% risk of missing DMSA abnormalities (table 5) . We anticipate that the former figure could be considered acceptable but that the latter may be more controversial. The figures for school age children with recurrent UTI are similar. The discrepancy between the risk of missing scarring and the risk of missing DMSA abnormalities highlights the need for follow up data in order to clarify the significance of abnormalities such as abnormal diVerential function and photon deficient areas without loss of cortex. The risks of missing DMSA abnormalities or scarring are higher for children with recurrent rather than solitary UTI in all categories except one and this highlights the importance of considering UTI recurrence separately in determining imaging protocols. The BPA guidelines do not consider recurrence separately from clinical features and we would suggest that for preschool children with recurrent lower tract UTI, the 2.5% risk of missing scarring would be unacceptable.
We would acknowledge that what is considered an acceptable risk needs to be debated by clinicians and health economists. We have provided figures in the form of a risk assessment where sparse objective data previously existed. Renal imaging policies are again the subject of debate 18 and it is hoped that this information will help in the formulation of future imaging protocols after childhood UTI.
